Spray pyrolysis has been found as an excellent method for the preparation of mesoporous barium sulfate at higher temperature. Ethylene glycol, a reducing agent, and solvents had good inhibition effect for the preparation of BaSO 4 nano particles. The BaSO 4 solution was sprayed at 500 & 800 o C using different solvents such as methanol, ethanol, propanol and n-butyl alcohol. N 2 adsorption-desorption isotherm revealed that BaSO 4 is micropore free, possessing narrow mesopores size distribution and high BET surface areas of 72.52 m 2 g −1 at 800 o C using propanol as an additive. Scanning electron microscopy (SEM) indicates that the morphology of BaSO 4 nano material shows uniform shell like particles. Transmission electron microscopy (TEM) proved that the resulting BaSO 4 nano particles were uniform in size and the average particle size was 4-8 nm. The surface functionality and ethylene glycol peaks were assessed by Fourier transform infrared resonance (FTIR) spectroscopy. Low intensity ethylene glycol specific absorption peak was observed in propanol which proved that propanol had good inhibition effect on the structural morphology of nano particles.
Introduction
Barium sulfate (BaSO 4 ) is suitable for many diverse applications due to its whiteness, inertness, opaqueness to Xrays and high specific gravity. It is extensively utilized in industrial applications such as paper coatings, fillers in plastics, synthetic resins and pigment used in paint and artificial fibres. BaSO 4 assesses the effect of precursors mixing, precipitation models, agitator speed, feed position on particle size distribution, crystal growth and morphology. [1] [2] [3] [4] Barium sulfate prepared by using copolymers via atom transfer radical polymerisation , polymerized surfactants, polymer-controlled mineralization reactions and double hydrophilic copolymer mixtures. [5] [6] [7] [8] Bala et al. reported the preparation of BaSO 4 nano particles with selfdispersing properties without additional treatments with insitu preparation and surface modification of BaSO 4 nano particles. 9, 10 Li et al. reported the performance of barium sulfate nanotube arrays in supporting sulfates for lowtemperature methane activation and detailed information on the preparation of three types of mesostructured barium sulfate (lamellar, agglomerate and single nanotube) under various preparation conditions. 11, 12 We reported the preparation of mesostructured barium sulfate with high surface area by dispersion method and its characterization. 13 Spray pyrolysis is a useful method for producing multi component, high-purity powders that consist of nonagglomerated sub micrometer-sized particles.
14 Spray pyrolysis is a useful tool for the large or small scale production with controlled particle size. The properties of the final product can be controlled through the choice of precursor and solution concentration or by changing the conditions of aerosol decomposition. The micrometre-sized droplets of a precursor solution are dried and pyrolysed in a furnance forming particles. 15, 16 Microfoamy particles of copper oxide and nitride by spray pyrolysis of copper-ammine complex solution and also spray pyrolyis has been applied to the production of particles with tailored microstructure. 17, 18 Generally, in spray pyrolysis process, the reaction temperature and the composition of the carrier gas are the basic operating variables. In addition, the solution properties such as the precursor compositions, concentration or the addition of a co-solvent are crucial to achieve the desired composition and morphology of the final product. 19 Spray pyrolysis is advantageous almost all steps of powder processing from solution take place continuously in each droplet.
In this paper we reported that the high surface area mesoporous BaSO 4 small sized nano particles was prepared by spray pyrolysis at high temperature. Ethylene glycol is a good reducing agent and solvent with good inhibition effect on the particle size. The excellence of this work was the existence of mesoporosity with stability at the higher temperature and aggregation of BaSO 4 nano material with ethylene glycol uniformly. . In this method carrier gas hardly affect the preparation of BaSO 4 nano material. Transmission emission microscopy (TEM) analysis is the important characterization technique to calculate the BaSO 4 particle size using CM30 microscope (Philips) with accelerating voltage 50-300 kV of LaB 6 filament to visually characterize mesoporous BaSO 4 nano materials. The surface characteristics of the mesoporous BaSO 4 powder materials were examined by infrared spectra of wave number 4000-400 cm −1 using Nicolet 380 (Thermo Electron Corporation).
Experimental Section

Materials and methods. Preparation of
Formation mechanism of BaSO 4 . The formation of mesoporous BaSO 4 nano material probably starts by the following reactions. The significance of this reaction mechanism (Scheme 1) is that the reduction reaction proceeds via the solution rather than in solid state. Therefore the metal particles are formed by nucleation and growth from the solution. This main feature is quite general for all investigated reactions and metals obtained by this polyol (ethylene glycol) process.
According to this mechanism the polyol acts first as a solvent (Eq. 1) for beginning inorganic compound due to the high dielectric constant of these organic media. In ethylene glycol the barium hydroxide salts were completely dissolved in the first step of reaction. In most cases the starting compound is slightly soluble. 20 In this case the solubility is high enough to allow the reaction mechanism. In first step crystallized hydroxides were converted into intermediate phase. The hydroxide gets progressive dissolution, viscous solution of the intermediatery phase and evolution of water by evaporation.
The second step (Eq. 1) of reaction mechanism is redissolution of intermediate phase to metal (reduction in solution, evolution of the volatile products of reaction, spontaneous nucleation and growth of metal particles.). During this stage the intermediate solid phase takes place and the reduction of barium species occurs in the liquid phase. Finally the liquid Barium is interacted with sulphuric acid (Eq. 2) and converted into barium sulfate according to the reduction mechanism of metallic ions in ethylene glycol which was proposed by Fievet et al.
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Results and Discussion observed in the XRD spectra which indicated that the powders had high purity in nature. Figure 2 shows the N 2 adsorption-desorption isotherm of BaSO 4 nano material sprayed at 800 o C using different solvents. This isotherm pattern exhibited type IV-like behaviour which is a characteristic of mesoporous materials based on the IUPAC classification. 22 The BaSO 4 nano materials sprayed at 500 & 800 C the BET surface area, pore size and pore volume were shown in Table 1 . The results of the morphological studies can be interpreted in accordance with the classical molecular growth mechanisms. Figure 3 shows that BaSO 4 solution was sprayed at 800 o C using different solvents. In Figure 3c shows the spherical shape nano particles were distributed uniformly due to the ethylene glycols displacement systematically on BaSO 4 nano materials compared to the other solvents. The particle size in all the compounds was 4-8 nm due to the addition of additives. The lower aggregration rate was attributed to the presence of an ethoxide group on the surface which was formed by replacing the coordinated water on the surface with ethylene glycol. As a result the powder had high dispersibility and small particle size. The ethylene glycol therefore improved the reaction conditions by favoring the formation of small particles and by restraining particle growth during the precipitation and drying processes. The effects of additives may include three main aspects as follows. Additives can adsorb on the steps and kinks of the particle surface and decrease the numbers of free steps and kinks as well as the particle surface agglomeration. Furthermore the additives also affect the nucleation process. The result suggested that the inhibition effects mainly attributed to the adsorption of additives on the particles surface because according to the Traube rule reported by Jaycock et al. 23 the n-butyl alcohol will reduce the solution tension most effectively due to its longer carbon chain. The adsorption of additives on the particles is a competitive process with the water molecules and determined by the molecular interaction between the BaSO 4 surface and the additive, additives-water and BaSO 4 -water. Zia et al. 24 reviewed that the sequence of adsorption amount can be related qualitatively to that of the additives polarities i.e., methanol > ethanol > n-butyl alcohol. In this case propanol has good inhibition effects on the particle size at higher temperature i.e., propanol > n-butyl alcohol > ethanol > methanol. It clearly reveals that propanol has an excellent effect on the control of particle size and uniformly distributed over the surface of the substrate. Development of ethylene glycol at the sub-phase surface would also reduce the dielectric constant of the interfacial region and thus lead to enhanced binding of barium ions at the interface. The use of the surface-active adsorbates at the ethylene glycol-solvents have the possibility of tailoring the physical and chemical properties and thereby modifying the morphology of the crystals nucleating and growing at the interface.
The Transmission emission microscopy (TEM) analysis was the important characterization technique to calculate the BaSO 4 particle size to visually characterize mesoporous BaSO 4 nano materials as shown in Figure 4 . The TEM micrograph shows that the mesostructured BaSO 4 nano particles are nearly shell like particles. The particle size between 4-8 nm with an average size of 6 nm shows uniform mesopores among the particles and the diameter of the cavities is about 2-4 nm. These regions appeared brighter because they had immersed small amount of electrons in the surroundings. The mesoporous BaSO 4 nano material prepared by other solvents viz., methanol, ethanol and n-butyl alcohol shows that the particles get agglomerated and particles are not in uniform size at 800 o C. This revealed that the high dispersibility of the powder in ethylene glycol might be related to the mesopores particles and the high rate of adsorption of ethylene glycol onto their surfaces.
We reported that the high surface area mesoporous BaSO 4 nano material was prepared by dispersion method. 13 BaSO 4 nano materials prepared by different methods like dispersion using ethylene glycol, water as a solution and in spray pyrolysis using different solvents which acted as an additive calcined at 900 o C. In spray pyrolysis method propanol showed high surface area, pore volume and size compared to the other methods as shown in Table 2 . At 900 o C the mesoporous structure remains in spray pyrolysis. This proved that spray pyrolysis method was suitable for the preparation of mesoporous BaSO 4 nano material.
In order to study the surface characteristics, the Infrared (IR) spectra of the mesoporous BaSO 4 nano materials were examined. Figure 5 shows that IR spectra are substantially differed depending upon the solvents. The absorption peak appeared at about 3433 and 1651 cm Table 3 . The curve in BaSO 4 -PrOH shows that the quantity of ethylene glycol adsorbed onto the surface of the BaSO 4 was about 4.5456 wt.% at 130-770 o C which is less compared to the other solvents. Because propanol has good inhibition effect on controlling the particle size and ethylene glycol will be distributed uniformly on the surface of BaSO 4 at higher temperature. The temperatures at 790-895 o C did not lead to the complete desorption of ethylene glycol due to its strong binding force which further indicates that a hydrogen bond was formed. However, in other solvents there is a weight loss at higher temperature because the hydrogen bond was formed between the ethylene glycol and solvents on the surface of the powder, leading to the aggregation of the particles.
Conclusions
We conclude that the mesoporous BaSO 4 with high surface area nano material has been prepared by spray pyrolyis at high temperature isolated with ethylene glycol using different additives. XRD analysis indicated that the product was highly pure in nature. Ethylene glycol controlled the mesoporosity, propanol maintained the morphology and particle size of the BaSO 4 nano material. The future significance of this work is used for coating metal oxide by fluidized bed method for industrial applications such as low temperature sulphuric acid decomposition.
